There is growing political pressure on universities to intensify their interaction with industry and to enlarge their own research funding options, in a context characterised by increasing constraints on public spending. However, whether the successful achievement of such a political desired outcome is consistent with a restriction of government funding is not clear and requires further investigation. As a matter of fact, there is scant empirical evidence on whether and to what extent government funding affects the external funding options available to universities, in particular those related to research and consulting activities. By using a set of probit and tobit panel data models estimated on financial data for the whole population of Italian university departments engaged in research in the Engineering and Physical Sciences, this paper provides evidence that government funding to universities complements funding from research contracts and consulting, contributing to increasing universities' collaboration with industry and activating knowledge transfer processes.
Introduction
There is increasing awareness in industrialised countries of the importance of scientific research in creating the foundations for technological change and economic competitiveness. Historically, bringing research results to market has not been of prime concern to academic institutions. However, since the late 1970s, a growing pressure has been put on universities to produce research that is valuable for industry 3 and to establish closer linkages with the business community in order to widen the chances of establishing collaborations. Early research has typically focused on technology transfer issues such as patenting, licensing and spin-offs. More recently, greater attention has been paid to other university-industry collaboration channels such as research contracts and consulting activity, characterised by a higher degree of relational linkages, capable of generating strong learning by interaction effects (Perkmann and Walsh, 2009) .
At the same time, the creation of new channels of university-industry collaboration has gained strategic relevance to universities primarily because of their potential as sources of external funding (Cohen et al., 1998) . There is now substantial agreement in the economic literature that university-industry collaboration should be promoted and that governments should put in place all the necessary measures to ease this process, thereby helping to bring the results of academic research to market. Several empirical works, even very recent (Gulbrandsen et al., 2011) , have investigated the drivers of university-industry collaborations and business funding to universities. However, a key factor, and one that may have been overlooked, is the existing relationship between government funding and the funding raised by universities through research contracts, consulting and, more generally, scientific activities to order. 4 There is extensive evidence on the effects of funding on the production of innovations and on the development of university-industry networks. However, further investigation is needed in order to assess whether government funding to universities complements or substitutes funding from these other channels of collaborative interaction.
According to a recent OECD review on university funding (OECD, 2010) , European universities are primarily funded by the state. The review estimates that in the large majority of cases the funding proportion lies between 60% and 90% of the total budget. However, during the last two decades, the shortcomings of the traditional 'input-orientated' funding system with respect to performancebased management systems of public administrations pushed several European governments to implement numerous reforms of research of university systems (McNab and Melese, 2003) . Many developed economies have gradually reduced government funding to research systems. In Italy as well as in the USA, Japan, Germany, France, Canada, and the UK, government intervention has been reduced, thus favouring the action of market forces, which have become more and more important in allocating resources (Steil et al., 2002) .
Funding systems and especially resource allocation mechanisms for public funds are an essential element of reforms of university systems in several countries. Despite an international trend towards performance-based funding, the approaches that have been implemented differ significantly across countries. According to the classification of university funding systems presented by Salmi and Hauptman (2006) , Italy has a fundamentally traditional funding system similar to that of many other countries in Europe (Strehl et al., 2007) : the largest part of university budgets is based on 'negotiated budgets' and 'funding formulas' (based on size of staff or number of students enrolled), but universities also compete for research funding on the basis of peer-reviewed project proposals against a set of objectives. Like in many other European countries, other sources of university funding such as industry funding is becoming increasingly important for Italian universities' budgets.
In the light of these arguments, the purpose of this paper is to investigate the effects that government funding for academic research activity has on the external funding to universities raised through research contracts and consultancies. The rationale of our empirical exercise is straightforward in terms of policy implications: we are interested in investigating whether the financial pressure that universities have been subjected to in recent years -that in the specific case of Italy has been amply reported by the media (Gandolfi, 2009; Intravaia, 2011; Magrini, 2011; Tucci, 2010) -is driving these academic institutions to look for alternative sources of funding, stimulating university-industry interactions and collaborations (substitution effect), or, conversely, it is hampering their capability to collect external funding (complementarity effect) and to activate important knowledge transfer channels.
Our research differs from previous studies in several respects. We carry out an econometric analysis based on highly disaggregated data on university departments; we discriminate between different sources of public funding ranging from EU funding to national and regional sources; we use disaggregated data on private funding, testing our hypothesis concerning the nature of the relationship between public research funding and research contracts and consulting activity (thus excluding other sources of private funding to universities not related to knowledge transfer processes, such as donations).
The paper is organised as follows. Section 2 sets the theoretical background to university funding and university-industry interactions. Section 3 presents our empirical results for the determinants of industry funding to universities. Section 4 discusses the results and their implications for policy.
Theoretical background

University funding and university-industry interaction
Knowledge is considered to be a primary resource for wealth creation and economic growth (Drucker, 1993; Nonaka and Takeuchi, 1995; Florida, 1995; Romer, 1993 Romer, , 1995 Leonard-Barton, 1995) and intellectual capital a crucial resource of economic advantage in the knowledge economy (Stewart, 1997; Edvinsson and Malone, 1997) . The role of the university as an economic and social institution has become increasingly important (Florida and Cohen, 1999) . Universities have long been involved in so-called 'thirdstream' activities (Geuna and Muscio, 2009) , and there is evidence that they have significantly contributed to economic development and firm competitiveness. However, a deeper connection between university and industry is being seen as essential, and this requires a structural change in the role of universities within the national innovation system as well as a modernisation of their managerial and organisational skills (European Commission, 2009 ). The expectation is that universities not only produce new knowledge, but that this knowledge be related to established social and economic targets (Laredo, 2007) . In this view, universities should (a) intensify their involvement in the economic and social development; (b) increase the commercialisation of research results, patenting and licensing activities; (c) institutionalise spin off activities; (d) introduce managerial and attitudinal changes among academics with respect to collaborative projects with industry (Van Looy et al., 2004) .
Since the 1980s, many policy makers have been pushing for this 'second revolution' in academia, above all having in mind the possible enlargement of external funding options for universities and the consequent relief for government budget. Now, while some countries are in the process of rethinking the role (and funding) of research institutions within their national innovation systems (Arnold et al., 2006) , several European country governments are applying increasing pressure for universities to raise research funding from industry and to contribute actively to industrial innovation. As Geuna (1999) notes, since the early 1980s European governments have been intervening more directly in terms of guiding national research systems. This intervention has taken different forms in different countries, but is being driven by similar overall targets, which are promoting a contractualoriented approach to university research funding, aimed at indirect control of the behaviour of universities through the introduction of (quasi-market) financial incentive schemes. These policies are meant to improve the efficiency of research funds and increase the accountability of universities as well as the pressure to reduce their costs, this latter objective being crucial as a consequence of the constraints on public budgets resulting from the enforcement of the Maastricht criteria (Sörlin, 2007) . Confirming this, Auranen and Nieminen (2010) compare the funding environments of university research in eight countries, investigating whether more competitive funding schemes result in a more efficient production of scientific publication. The authors find that the idea of output and competition-based incentives promoting productivity in science is more complex than generally believed and that the use of funding incentives and competition must be carefully pondered. At the same time, in such a context universities themselves have an incentive to allow their staff to undertake applied research and consultancies, thus opening up channels through which ease their budget constraints (Beath et al., 2003) .
The new academic funding rationale and the promotion of external orientation of academic research have raised several theoretical and policy questions about the future role of universities and their future funding options. There is a large stream of literature focusing on the assessment of the potential advantages and disadvantages that such a shift can imply on the way universities create and transfer knowledge. Some authors point to the potentially negative effects of this shift toward industry funding on academic activities (Geuna, 2001; Elzinga, 1985; Florida and Cohen, 1999) . Strehl et al. (2007) , in their extensive OECD report on university funding systems and their effect on higher education systems, evidence the negative effects of the implementation of new institutional strategies in universities that involve the search for alternative resources to government funding, increasing consulting and marketing activities. The OECD report presents numerous country case studies based on stakeholders interviews and it investigates how institutions react to contingencies. The authors highlight that university stakeholders perceive as negative effects deriving from cuts in university funding the neglect of basic R&D, lower quality of research and less variety in teaching courses. Moreover, increased competition between universities results in cooperation problems. Other authors show that university-industry collaboration per se has little negative impact on academic activities and that both universities and businesses may benefit from collaboration (Gulbrandsen and Smeby, 2005) . In fact, as suggested by Perkmann and Walsh (2009) industry involvement with universities under certain conditions (i.e. their discipline is associated with the 'sciences of the artificial'; they are highly research-driven; and they have a portfolio of different types of relationships with industry) will benefit the production of scientific research.
2.2. Do private and public funding to universities complement or substitute each other?
Less captured and understood are the possible effects of a cut in government funding to universities on their capability of establishing collaborative forms of interaction with firms, in particular those through which knowledge can be transferred to industry (as in the case of highly relational forms of collaborations such as research contracts and consultancies in their various forms), as well as on the options available for raising external funding.
The existence of a form of complementarity between these public and external funding to universities would imply that universities need government funding to increase the incidence of highly relational collaboration channels with industry (Mansfield, 1995; Cohen et al., 1998; Perkmann and Walsh, 2008; Jensen et al., 2010; Dechenaux et al., 2011) as well as their external fundraising options.
From a theoretical point of view, the grounds for the existence of a relationship between public and private funding to research within universities can be found in the literature addressing the issue of complementarity between public and private R&D, which mostly focuses, recalling the theoretical basis provided by Arrow (1962) , on the impact of public R&D contracts and grants upon private R&D investment by manufacturing firms and industries .
The issue of the positive direct and indirect effects of public R&D on firms' productivity and private R&D has been analysed thoroughly over the past 50 years. However, it is only the more recent literature that provides some theoretical and empirical insights on the nature and the characteristics of the relationship between public and private research, addressing the questions of (1) whether public and private R&D investments are linked and (2) under what conditions they behave like substitutes or complements. contribute to this debate by analysing possible complementarities of public and private funding of R&D conducted by firms. Through a simplified twosector model, the authors find that complementarity effects tend to be dominant when "the government R&D sector is relatively high, the labour supply of scientists and engineers is elastic, or the marginal product R&D curve is relatively flat (that is, the effect of R&D on productivity does not fall very quickly as R&D budgets increase)" Hall, 2000, p. 1180) . emphasise that complementarities between public and private R&D investments can (a) derive from learning and training effects of publicly subsidised R&D activities that acquaint enterprises with the latest advances in scientific knowledge, thus increasing their efficiency in their own R&D programs; (b) emerge whenever public funding is made available for the construction of test facilities, for the acquisition of durable research equipment and for the bearing of the fixed costs of assembling specialised research teams, since all these circumstances lower the incremental costs of firms' R&D projects; (c) be in place every time government contract R&D signal future public sector product demand, because of a coordination effect which may raise the expected marginal rates of return on innovations targeted to the signalled market.
Within such a context, the publicly funded research carried out in universities makes no exception, as long as the advances in the knowledge base and the building of (technical and human capital) facilities it allows, can stimulate and complement industrial innovation. As a consequence, a link between public and private research funding to universities can be expected whenever firms, in order to develop their innovations, must rely on the material infrastructure the university has built and/or the expertise researchers have accumulated thanks to public research funding.
As for the nature of the relationship between public and private funding to universities, government and industry funding for research within universities can be strategic substitutes or complements. The scant literature specifically addressing this issue focuses on consultancies as the reference form of university industry interaction. Jensen et al. (2010) centre their analysis on the modelling of the actual mechanisms underlying the spillovers from academic research to industry, with a specific focus on research-driven consulting activities. They show that, under certain sufficient conditions, government and industry funding for university research act as strategic complements every time "an increase in either type of funding increases the marginal effect of the other on the probability that the researcher's university project will be successful" (p. 3), independently from the faculty reputation or quality. In their model, consultancies are the only source of spillovers, while signalling plays no role.
Other papers rely instead on signalling and reputation effects to explain complementarities. Connolly (1997) hypothesises that external sponsors wish to allocate funding to those universities that do the highest quality research, and that funding from either source provides information about quality. Similarly, Blume-Kohout et al. A. Muscio et al. / Research Policy xxx (2012) xxx-xxx To summarise the theoretical literature predicts the existence of complementarities when: knowledge spillover effects are present; firms have the possibility to free ride on university's already built equipment and staff (e.g. in research-driven and opportunity-driven consulting); firms are in need to capture uncodified knowledge when valuable expertise tends to be tacit and complex (e.g. in commercialisation-driven consulting); government funding work as a signalling and reputation mechanism. On the contrary, substitutability may emerge when spillover effects are absent or in peculiar situations related to the academics' work supply function (operating bounded time constraints or backward bending supply).
As a consequence, understanding the final effects of government funding on universities and, eventually, whether it substitutes or complements external funding from research contracts and consulting activity, is mainly an empirical question. The obvious policy implications of the substitution effect would be that government could reduce public funding to universities and cut public spending without hampering universities' financial sustainability, collaborations with industry and knowledge transfer, while the complementarity effect would imply that public funding would be indispensable, not only to guarantee the survival and the financial sustainability of universities, but also to consolidate universities' role as an engine of economic growth.
The relevance of this issue for the public opinion was already stressed by Diamond who argued that: "proposed cutbacks in government science funding have caused many to expect that the rate of scientific progress will significantly decline. Before the magnitude of the decline can be estimated, a preliminary question must be answered: "what is the extent to which private funding of science may be expected to fill the gap left by the declining government funding?" (Diamond, 1999, p. 423 ). In the same line of thinking, in the case of the US it has been observed that: "A priori, there could be a negative (substitution) effect, either due to crowding out of private investment or because researchers could stop seeking other sources of funding once they receive federal funding. On the other hand, federal R&D funding could also have a positive impact due to complementarity or signalling effects" (Blume-Kohout et al., 2009, p. 30) .
Moreover, according to Geuna and Nesta (2006) the reduction in structural (government) funds would produce great financial difficulties for most universities while benefiting only a few. For most universities revenues from research contracts and consultancies could be insufficient to compensate the decrease in structural funds and thus being detrimental to basic research activity and teaching. Considering that research contracts and consultancies are mainly demanded by organizations located in the proximity of universities (Capellari, 2011) , this problem is exacerbated in the case of smaller universities located in less industrialised regions.
In line with the theoretical and empirical arguments raised in the related literature, we argue that government funding complement external funding and then contributes to stimulate universities' research activities whose results can be eventually transferred to industry. 5 We argue that lack of government support to academic institutions may hamper universities' capability of attracting external funding, with possible negative consequences on knowledge transfer activities. Research hypothesis: government funding to universities complement funding from research contracts and consulting activity.
Empirical analysis
Data description
The empirical analysis is based on financial data from the whole population of university departments in Italy engaged in research in all nine Scientific Areas (SA) of the Engineering and Physical Sciences (EPS). 6 The data were provided by the Italian Ministry of University and Research (MIUR). We obtained financial data for the whole period 2005-2009, for 1175 EPS departments 7 from 59 public universities (4 of them are polytechnic universities) located in 48 municipalities. We considered in the analysis all departments for which financial data was available for at least three consecutive years over the period [2005] [2006] [2007] [2008] [2009] .
The database provides information on volume and sources of university funding, staff composition, presence at the institution of an office managing European patents. These data were matched to data on research ratings and geographical characteristics obtained from other sources (see Table 3 ). Table 1 reports the distribution of departments across the nine EPS SA. Most of these departments are in the field of Medicine, which counts 422 units and represents 35.9% of the total population. Industrial engineering accounts for 11.6% and Biology, Agriculture & Veterinary, Civil Engineering & Architecture account for around 10% each. Over the four-year period considered there was a substantial increase in research staff (+14.7%) especially at a junior level (+19% assistant professors).
Recent changes in research funding in Italy
Despite the rather slow emergence of initiatives to support knowledge transfer in Italy (Muscio and Orsenigo, 2010) , the political pressure to commercialise the results of academic research has increased, 8 prompting several universities to develop plans to support the commercial exploitation of scientific research. By 2000-2005 the majority of Italian universities had Technology Transfer Offices (TTO), some of which had been established for several years. The financial data reported in Table 2 confirm a substantial cut in research funding in the period 2006-09. If in 2006 the primary source of funding for university departments was provided by MIUR which represented more than 20% of the entire research budget, in 2009 the primary sources of funding were research contracts and consultancies (31.45%), funding from public bodies other than MIUR (e.g. regional and local administrations) (14.42%), transfers from the university (14.12%) and finally competitive research funding from MIUR (10.46%). Over the period considered, research funding from MIUR was reduced by a substantial 43.24% whilst revenues from the majority of other sources increased. This reduced funding from MIUR has been offset by an increase in the transfers from other public bodies such as regional and local government institutions.
Arguably, this shift towards regional funding has been partially caused by the reform of the Constitutional Law introduced in 2001 that, with the introduction of the principle of subsidiarity (established in EU law by the 1992 Treaty of Maastricht), decreed the formal legislative autonomy of regions in several policy areas, including industrial policy, innovation and scientific research (e.g. before 2002 regions were not free to create their own regional agencies for innovation, laboratories or research networks, or develop their own innovation strategies). However, this increase in regional political autonomy has not yet been supported with a substantial increase in financial resources and expenditure capacity (Muscio and Orsenigo, 2010) .
EC funding via competitive programmes such as the Framework Programmes, also increased by 61.07% over the period considered. The reduction in MIUR funding is even more striking if considered in terms of thousands of Euros per capita: total revenues remained basically stable (+3.01%), whilst MIUR funding shrank by 46.65% though this was offset by increases in all other areas. Similar trends are common to other national public research bodies such as, for example, the National Research Council (CNR) (Coccia and Rolfo, 2008). 9 MIUR categorises private funding to departments as revenues from enterprises and revenues from research contracts and consultancies. Since 2006, funding from enterprises shrank by 8.17% and revenue from contracts increased by 27.58%. This is confirmed empirically by Muscio (2010) who provides evidence of a relevant increase of frequency of university-industry research collaborations in recent years. Table 3 presents information on the variables used in the analysis. The dependent variable is the amount of funding raised by university departments as a result of research to order (contracts and consultancies) commissioned by public and private organisations and subject to university regulations. Following Perkmann and Walsh (2008) , research can be distinguished in: research-driven consulting (contract research commissioned by firms); opportunity-driven and commercialisation-driven consulting (research or advisory services provided by individual academic researchers to industry clients). The dependent variable F PRIVATE does not include business funding to departments that is not compensated by research results in return (such as in the case of private contribution for conferences and events, scholarships and prizes for proficient young researchers, etc.). These resources are in fact accounted as a separate source of revenue (see Table 2 , under "Enterprises"), which in general is relatively small. Moreover, F PRIVATE does not account for funding from research programmes/contracts that do not allow income distribution to research staff.
Econometric specification
The explanatory variables are indicators of sources of revenue, department and university characteristics and regional economic indicators as proxies for external demand of university knowledge. Finally, we include yearly dummy variables to control for fixed temporal effects. Table 4 reports some descriptive statistics for the variables included in the regressions.
As a large part of the departments have no private funding, our dependent variable is partly continuous with a positive and large probability mass at zero. Hence, we model such a response variable in order to account for the presence of a corner solution outcome. We also allow for persistence in the process of collecting private finance by introducing a 1-year lag of the dependent variable, in order to investigate whether an evidence of an accumulation (Merton, 1968) . Denote by y it department i's private funding collected at time t, the dynamic panel Tobit model with department unobserved effects is:
where x it is a set of department specific characteristics including the amount of government funding (namely European Union, MIUR, other public bodies, and internal university transfers) received in previous years, c i are the (random) department-specific effects, c t are the year effects, u it is the error term. The year effects are included to account for cyclical variation in private funding. 10 In order to handle the initial condition problem in dynamic, non-linear unobserved effects model, we follow the methodology 10 See Tables 3 and 4 for a more detailed definition of the controls used in the model and some summary statistics.
suggested by Wooldridge (2005) . 11 We also report the results for a probit model where the dependent variable is a binary variable that is equal to 1 if the department received any private funding in the reference year, and 0 otherwise.
In both the tobit and probit estimates the regressors related to government funding are lagged up to two years in order to capture the dynamic effects on private funding. The vector x it contains, apart from public financial resources, a set of covariates that might be correlated to the department capabilities to collect private funding, such as department size (both in term of administrative and research staff), quality/reputation, management, location, 11 The approach suggested in Wooldridge (2005) can be easily implemented for the Tobit and Probit regressions through a straightforward estimation using standard econometric software. This methodology implies to use as additional regressors the longitudinally averaged explanatory variables for each department and the initial outcome values. The coefficients of longitudinally averaged explanatory variables are not reported in the research areas and university structural characteristics 12 and external spillovers. Table 5 reports the estimation results for the tobit model. Column (1) refers to a linear model that ignores the presence of a corner solution. Column (2) reports the result for the pooled tobit model 12 The results obtained using university dummies to control for university effects rather than specific controls for university structural characteristics are not substantially different and are available from the authors upon request.
Results
that ignores for the presence of unobserved random effects, while column (3) focuses on the unobserved effects dynamic tobit model which is our preferred specification. The marginal effects at the mean values on both E(y it |x it , c i ) and E(y it |x it , c i , y it > 0) are reported in columns (4) and (5) respectively. Table 6 shows the results for the probit model.
As expected, there is some path dependency to accessing private funding. For both the tobit and probit regressions the coefficients of the lagged dependent variables are positive and highly significant. In other words, accessing private funding increases both the probability of further funding from business and its volume in the future, which is consistent with the existence of a Matthew effect-like (Merton, 1968) accumulation pattern. This result confirms the findings of Arvanitis et al. (2008) who prove that, in the case of Switzerland, institutes which have already collaborated with industry -as reflected by a high share of external funds in an institute's budget -are more likely to be involved into overall knowledge transfer activities.
Both EU funding (F EC) and MIUR (F MIUR) have a positive and significant impact on departmental capability to raise private funding in both the tobit and probit regressions. When the presence of random effects is taken into account (column 3), the overall effect of both EU and MIUR funding is slighter smaller in size but remain significant at the standard level. To quantify the estimated overall effect, for every euro of domestic public support (MIUR) the department receives around 0.025 euro of funding from private contracts and the implied elasticity is around 0.02. The long run coefficient calculated keeping into account the high persistence of private funding is around 0.04. The tobit regressions show that EU funding is more effective in enhancing private funding than other sources of domestic financing (for 1 euro increase in the EU funding, private funding increases of 0.04, while the effect of 1 additional euro of MIUR funding is about 0.025 increase in private funding). These results could be explained considering that the ability of the department to secure research grants from the EU, which are generally allocated on a fiercely peer-reviewed competitive basis at an international level, is taken as a signal of its research capabilities and thus raises the chance to secure further private funding from external collaborations and consultancies. Moreover, as the EU research grants aim to promote partnerships between universities and the industry, they tend to fund research projects that, even if focused on basic research, later on will have a higher likelihood of generating positive spillovers for the industry. The estimated effect is not large but in line with the evidence found in previous empirical works (Jensen et al., 2010) .
In terms of probability (Table 6 ), the decline in government research grants experienced by Italian departments in the last five years has reduced the probability of getting private funding of about 2.5 percentage points while the increase in EU funding availability has increased the probability of 3 percentage points.
Public funding from other national and regional governmental bodies (F ADMIN) complements the amount of private resources collected by departments and the size of coefficient is in line with the previous form of private financing, but it has not significant effects on the probability of obtaining private funding.
Not surprisingly, the effect of university internal transfers to departments is not significantly different from zero (F UNI). This is because internal transfers are aimed not at promoting research but they are mainly used to provide general purpose resources or anticipate funding already allocated to departments for the next year/s. 13 13 Internal transfers of resources have no effect on a department's capability to attract funding from industry because apart from any budget formally assigned to research activities, in most cases this funding is designed to cover expenses such as purchase of hardware and software, and researchers' subsistence for attendance at Overall, the econometric results for financial variables suggest a clear evidence of spillovers from government supported university research to more industry oriented research and consulting.
ARTICLE IN PRESS
As an additional check, Table 7 presents the results of a Probit model, where the dependent variable is time invariant and assumes value 1 if the department has obtained some private funding in at least one year and 0 otherwise. In this way, we test if there is any effect of public funding on the initial decision of a department to access to private funding at all. 14 This may be the case, for example, of departments highly specialised in basic research, which is generally underfunded by private sources and are not involved in the consultant activity. For these departments, we expect no relationship (neither complementarily nor substitution) between private and public sources of financing. Accordingly, the results of the Probit regression in Table 7 show that the probability of accessing to private funding does not depend on the availability of public research funding once we control for the department scientific area and size.
Looking at department and university characteristics, both tobit and probit regressions show that structural characteristics have an impact on business funding to departments. Departments' capacity of rising resources from private sources largely depends on the type of research carried out inside the departments. Departments assigned to research areas a9 (Industrial Engineering) and a8 (Civil Engineering and Architecture) and to a less extent a7 (Agriculture and Veterinary) are more involved in consulting activity. 15 Departments in medium sized universities are less likely to attract business funding. 16 There are positive effects of critical mass in large academic institutions on business funding expressed in terms of university reputation, visibility and size of research teams. On the other hand, small academic institutions tend to have fewer, highly specialised departments that are arguably more efficient (less bureaucratic procedures, more direct contact with local businesses, higher motivation to achieve visibility) in attracting business funding.
Universities with more EPS departments, such as polytechnic universities, are likely to have more refined practices and better services for technological collaborations with industry, and this affects positively the volume of business funding at a department level. On the other hand, the existence in the university of an office to manage European patents (EPO MNGMT) does not seem to have any impact on the probability of attracting private funding nor its conferences and scientific meetings. The per capita amounts of these transfers are typically capped at well below the amount required to finance structured research activities that are likely to attract firms and promote collaboration.
14 In our sample, 57 departments report of having received no funding from external collaboration and consultant activity over the observed period. They account for 15% of the departments operating in the field of Mathematics and Computer Science, 13% in Physics, and 10% in Biology. 15 As a robustness check, we extend the analysis by including in the sample the departments active in all scientific disciplines. The effect of public funding on private funding is still positive and significant though a bit less quantitatively relevant. This generalisation suggests that all the research fields benefit from a larger public contribution to research activity in terms of their capability of attracting private resources. However, such effect is stronger when the research is more "industryintensive". Results are available from the authors upon request. 16 In our sample, the research departments operating in medium sized Universities report an average amount of funds from external collaborations of around 6 thousands euro per researcher every year, which accounts for 22% of total funding received by the department. In departments operating in small and large Universities the amount of funding from external collaborations is more than 8 thousands euro representing the 24% and 29% respectively of the total resources. The departments in the medium size Universities are also less effective in collecting funds from EU research grants, while there are not substantial differences for the other sources of financing. Standard errors in parentheses. The dependent variable is time invariant and takes value 1 if the department has been engaged in external fund raising in any year of the sample period, 0 otherwise. Since a4 different from 0 predicts success perfectly, the scientific area a4 (Chemistry) is dropped and 102 observations are not used in the regression. The coefficients are the marginal effects * Significant at 10%. ** Significant at 5%. *** Significant at 1%.
volume. There has been a substantial increase in public and private investment in TTOs (Link and Scott, 2007) and there is a growing empirical literature on their contribution to the technology transfer process (Muscio, 2010 ).
The analysis of the impact of the department's geographical location on its capability to raise business funding provides mixed results. Both the tobit and probit regressions show that low levels of industrialisation, and poor infrastructure, e.g. the case of southern Italy (GEO S), negatively affect a department's capability to establish collaboration with industry and raise private funding. Academic institutions in southern Italy are disadvantaged with respect to institutions located elsewhere in the country. Moreover, the proxy for local absorptive capacity for research services (LOCAL EPO) is positive and significant. This result is in line with previous empirical findings. For example, Chapple et al. (2005) find that universities in regions with higher R&D and gross domestic product (GDP) levels appear to be efficient in knowledge transfer activities, implying the existence of regional spillovers. Friedman and Silberman (2003) find that in regions with a concentration of high technology firms, more patent exploitation and co-patenting can be expected. Mansfield (1995) provides evidence that universities conducting higher quality research, and which are located close to innovating companies, make a greater contribution to industrial innovation. Firms tend to trade off faculty quality against geographic proximity, particularly in the case of applied R&D.
There is also evidence that innovative firms favour research produced by high quality research universities and published in peer-reviewed journals (Bruno and Orsenigo, 2003; Pavitt, 2001; Hicks et al., 2000) . In our analysis we use a research performance indicator to control first for whether high quality research generates valuable intellectual property that can be passed to industry and second for whether research performance provides a signal to industry of the best university departments. We find that research performance (RES RATING) has a large and significant impact on business funding to universities, which means that both Matthew effects and signalling/reputation mechanisms are at work.
Instead, we have no information to allow us to test the impact of research quality on the frequency of interactions and the applicability of the research, on funding. Bruno and Orsenigo's (2003) findings for the impact of department size on industry funding are confirmed. The number of staff (both administrative and research staff) has a positive and significant effect on both the volume of private funding collected by departments and on the probability of accessing private funding. Moreover, controlling for the number of people employed in the department, the capacity of collecting private research funding increases with the share of researchers involved in research activities, confirming that departments need to develop critical mass in research activities in order to attract businesses. Departments with larger numbers of research staff will benefit from greater visibility, greater specialisation of departmental research and more efficient procedures for the establishment and management of collaborations. Finally, the capability of attracting private funding is negatively related to the share of Ph.D. students to research stuff. This final measure reflects the facts that, ceteris paribus, Ph.D.s are obviously less effective than senior researchers in attracting private funding. Moreover, all else equal, the higher the PhD student/research ratio, the greater the advising roles of the more senior researchers and then less the time devoted to research (Jensen et al., 2010) . 17 17 We also tested the robustness of our results in several ways. We used an alternative proxy of research quality measured as the number of MIUR "PRIN" projects granted to departments obtaining similar results. We also tested for the presence of non-linearity in the effect of department size on private financing using a more flexible polynomial (second and third order) structure. The linearity assumption is not rejected by the data.
Discussion and conclusions
This paper investigates the relationship between different forms of public funding and private funding to university departments. We provide empirical evidence that public funding to universities complements private sources of funding provided via research contracts and consultancies. We find significant evidence of complementarities between public and private funding with an estimated private/public funding elasticity (both EU funding and domestic funding) of about 0.04. We also confirm the results of previous studies providing evidence that the ability to produce good research is the pre-condition for the development of a strong role of universities towards industry (Bruno and Orsenigo, 2003) .
We can formulate some concluding remarks and related policy implications to contribute to the on-going debate on the public/private funding of universities. This debate emerges from several recent statements in Europe and in the US, which underline the need for greater efforts by universities to increase private funding also through larger commercialisation of research activity. In the Italian case this is in line with the more pragmatic aim of a cut in government funding to universities, thus indirectly implying that public and private funding to universities are substitutes.
Our empirical analysis does not support the "substitution hypothesis". Public funding and funding from research contracts and consultancies are generally positively linked, meaning that these two forms of funding are strategically complementary. In other words, public funding can play an important role in stimulating those university-industry interactions. As a consequence, current initiatives aimed at cutting public funding to universities may negatively affect university-industry collaboration and their external fundraising capacity. Moreover, our analysis shows a high degree of persistence of private funding over time, implying that a reduction in public funding to universities would probably result in a further widening of the currently existing gap between those departments that are capable of attracting private funding and those that are not.
Finally, our results are likely to underestimate the extent of the complementarity between public and private sources as our data do not capture the actual volume of consulting activity (and therefore the impact of public funding on their sheer volume) as many direct engagements are not disclosed to university administrators.
In the specific case of Italy the decrease in competitive research funding from MIUR has been at least partially offset by an increase in funding from other public sources. This is partially due to the gradual implementation of the principle of subsidiarity. Interestingly, our results show that EU funding is more effective in enhancing private funding than other sources of domestic financing. This implies that, in order to foster university-industry interactions, the modalities through which public funds are granted and/or the projects to be funded are selected could play a crucial role.
Our empirical results can be extended to the countries that have not implemented (yet?) more advanced performance-based systems (see: Auranen and Nieminen, 2010; Strehl et al., 2007) in which the link between government funding to university and the interaction with industry is based on competitive criteria.
Finally, the dataset used in this paper imposes some limitations on the availability of measures and proxies of potentially relevant variables capturing researchers' incentives to collaborate with industry, such as ownership of intellectual property rights, revenues distribution to academic staff or the establishment of academic tariffs for tests and analyses. The impact of these factors on university-industry interactions is an interesting topic for future research.
